This study was carried out to evaluate the effects of graded levels of fiber from rice hull and the caecectomy on metabolizable energy (ME) and amino acid digestibility (AAD) in 42 Wuzong geese (21 intact and 21 caecectomized). The experiment was a 3×2 factorial randomized design with 3 fiber levels and 2 treatments of geese (caecectomized and intact). Each of the 3 diets was tube-fed (60 g) to 7 caecectomized and 7 intact adult Wuzong geese that had been fasted for 24 h. Excreta were collected for the next 48 h. The same geese were also fasted for estimation of endogenous losses of amino acids (AA) and energy after short period recovery. AA content and metabolizable energy value were determined in the excreta. In general, significant effects were found for fiber levels on apparent digestibility of Thr, Leu, Pro, Glu,Val, Ala and total AA (P<0.05). Apparent metabolizable energy (AME) and true metabolizable energy (TME) were both significantly influenced by increased fiber levels (P<0.01). Compared with caecectomized geese, markedly increases of AME and TME were found in intact geese (P<0.01 for AME and P<0.05 for TME), but no difference in the AAD were found between intact and caecectomized geese (P>0.05), except for Lys and Try (P<0.05). These observations suggested that dietary fiber level played an important role in digestibility of AAD and ME. Intact geese should be chosen for the nutrient evaluation of feedstuffs in practice, resulting from the significant difference between caecectomized and intact geese.
Introduction
Fiber has dual roles of nutrition physiological function and anti-nutritional effects. It could maintain the normal function Wuzong geese are a local species in China, which is famous for tasty and juicy meat with plentiful polyunsaturated fatty acid. Compared with chicks and ducks, geese are renowned for the tolerance to varied feedstuff sources, resulting from heavier absolute and relative digestive organ weights, such as gizzard, which is in favor of crushing cellulose cell walls of plant material (Jamroz et al. 2001) . Researching on the digestibility and utilization of fiber in geese is the basis of excavating herbivory and other natures. The cecum comprises the major part of the large intestine, and appears to be the main environment for microbial degradation of dietary fiber and for absorption of the fermentation products (Parsons 1984) . As an established method, the precision-fed caecectomized bird assay has been used to determine the nutrient digestibility (Huang et al. 2006; Biggs and Parsons 2007; Adedokun et al. 2009 ), and the caecectomy will be used to evaluate the contribution of the cecum on the digestibility of amino acid digestibility (AAD) and metabolizable energy (ME) in this study.
Dietary fiber in commercial feeds is derived from plants that are rich in a complex mixture of structural components, rather than purified fiber forms. In the present study, rice hulls were selected as main fiber source. The ME and amino acid (AA) are main items to evaluate feedstuff values, and both were verified negatively associated with dietary fiber which has been confirmed as an essential dietary component in physiological metabolism for animals (Sibbald 1987; Jimenez-Moreno et al. 2009b; Wils-Plotz and Dilger 2013 ), but little detailed information was found in Wuzong geese about the relationship between fiber levels and nutrients. The purpose of this study was to estimate the effects of fiber levels and caecectomy on AAD and ME.
Materials and methods

Caecectomy
The caecectomy procedure were processed and evaluated according to the method described by Wang et al. (2008) . We made few modifications for the procedure based on the guidance from the investor of T cannula procedure of duck. In total, 40 16-wk-old Wuzong ganders were chosen for surgery and 10% chloral hydrate was administered intravenously at 1 mL kg -1 body weight (BW) before the surgery. The anesthetized geese were placed abdomen up, and an area of feathers was removed from the center between the xiphoid and cloaca. This area was sterilized with iodine tincture and then deiodinated with 75% alcohol. A disposable surgical drape was used to cover the surgical zone, and an incision along the abdomen midline was made through the abdominal skin, muscle layers, and peritoneum. The body of each cecum was freed from its ligamentous attachment by blunt dissection of the ileocecal ligament. A size-4 medical suture was used for ligation at 1.0 cm away from the end of ileum. After the ligation, the cecum was removed. The incision was closed in the peritoneal and muscle layers, and then the abdominal skin was closed. After the operation, 0.25 g of cephalosporin was administered subcutaneously, and 800 000 IU d -1 of penicillin G was sprinkled on the incision to maintain postoperative antibiotic blood levels for the following 3 d. After surgery, caecectomized geese recovered and were raised with intact geese.
Diets, birds, housing, and sampling
A 3×2 factorial randomized design was used for the experiment with 3 fiber levels (the inclusion of rice hull was 2.10, 8.77 and 15.40%, respectively, corresponding to L, M and H treatments) and 2 treatments of geese (caecectomized and intact). Diets were formulated in isoenergetic and isonitrogenous to meet or exceed the nutrient requirements, which were mainly referring to NRC (1994) recommendations of geese and adjusted on the basis of some nutrient requirement researches for domestic geese in China (data not shown). Compared with other 2 treatments, the fiber level in M treatment was thought to be the appropriate level for geese in this study (Zhang 2010; Jin 2013) . Rapeseed meal, wheat, and wheat bran were used (the same quantities in each of the 3 diets) to simulate commercial diets. The chemical compositions of 3 diets and analyzed AA concentrations were shown in Tables 1 and 2. A total of 21 caecectomized and 21 intact 26-wk-old Wuzong ganders were selected according to weight (average weight=4.1 kg) and were randomly divided into 3 groups separately, with each treatment group containing 7 cages, which were raised individually. Birds were housed in cages (45 cm×40 cm×85 cm) with stainless-steel floors. A daily cycle of 16-h light and 8-h darkness was provided, and water was accessible at all times. The temperature in the house was maintained at 25°C.
Fasted for 24 h, precision-feeding with 60 g of each test diets was provided by crop intubation, and total collection of excreta was performed for the next 48 h. Approximately 10 d was given to recover for the birds after completion of the trial, the same geese were fasted for 24 h prior to 48 h endogenous losses collection of AA and energy (Sibbald 1979) . Excreta samples were dried at 65°C for 48 h and frozen for analysis. AA content and energy values were determined. The experiment was approved by the Institutional Animal Care and Use Committee of South China Agriculture University. AME and TME were calculated using the following equations:
using the automatic AA analyzer (Biochrom30+, US) (AOAC 2000; 982.30 E [a, b] ). Gross energy and excreta energy were determined using a semi-automatic energy meter (IKA C200, Germany).
Statistical analysis
Statistical analysis of the data was performed using PROC GLM in SAS 9.1 (SAS Inst. Inc., Cary, USA) for completely randomized designs. The effects of fiber levels were evaluated, and the differences between intact and caecectomized geese were determined. When significant differences were detected, treatment means were separated and compared using Duncan's multiple-range test (SAS Inst. Inc., Cary, USA). The level of significance was set at P<0.05.
Results
Apparent metabolizable energy (AME) and true metabolizable energy (TME)
As shown in Table 3 , AME and TME were significantly influenced by increased dietary fiber levels (P<0.05). The lowest AME and TME values were both determined in H treatment (the diet with 15.40% rice hull), 11.58 and 13.72 kJ kg -1 respectively, but the values of AME and TME in M treatment (the diet with 8.77% rice hull) were close to that in L treatment (the diet with 2.10% rice hull). Compared with caecectomized geese, an increase was observed on AME AME=(Energy intake-Energy excreta of precision feeding)/Energy intake×100% TME=(Energy intake-(Energy excreta of precision feeding-Energy of endogenous origin))/Energy intake×100% Apparent digestibility of amino acid (AAAD) and true digestibility of amino acid (TAAD) were calculated for each AA and total AA using the following equations:
AAAD=(AA intake-AA excreta of precision feeding)/AA intake×100% TAAD=(AA intake-(AA excreta of precision feeding-AA of endogenous origin))/AA intake×100%
Chemical analysis
Samples for AA analyses were hydrolyzed in 6 mol L -1 HCl for 24 h at 110°C under a nitrogen atmosphere. Performic acid oxidation was conducted prior to acid hydrolysis for determination of Met and Cys levels. For Try, barium hydroxide was used to hydrolyze samples (AOAC 2000; 982.30 E [b] ). AA concentrations in excreta and feed were determined and TME in intact geese (0.73 and 0.62 kJ kg -1 , respectively), and significant difference was observed between them (P<0.05), which indicated confirmatory but limited effects of the cecum on ME. No interaction was found on AME and TME between fiber levels and the caecectomy (P>0.05).
Digestibility of AA
Apparent digestibility of amino acid (AAAD) in 3 fiber level treatments between intact and caecectomized geese was presented in Table 4 . Compared with caecectomized geese, a slight increase was observed on AAAD for most AA in intact geese, but no significant increase was determined (P>0.05) except for Lys and Try. With the addition of fiber levels in the diets, significant decreases were observed on apparent digestibility of Thr, Leu, Val, Pro, Ala, and Glu (P<0.05), resulted in higher apparent digestibility of total AA in L treatment than in H treatment (73.42% vs. 68.31%; P<0.05), the magnitude of the decrease in AAAD coefficients ranged from 0 to 8 percentage units. But no significant difference was found between L and M treatments or M and H treatments for most AA (P>0.05).
True digestibility of amino acid (TAAD) corrected by endogenous losses is presented in Table 5 . No significant difference was determined between intact and caecectomized geese except for Try (P<0.05). The difference Table 3 Effects of dietary fiber levels and caecectomy on apparent (AME) and true metabolizable energy (TME) (kJ kg -1 DM basis)
Items
Fiber Level 1) AME TME 0.529 0.382 1) L, the diet with 2.10% rice hull; M, the diet with 8.77% rice hull; H, the diet with 15.40% rice hull. The same as below. 2) Interaction of fiber level and the cecum on AME and TME. Data are means±SD. Means with different letters within the same column differ significantly (P<0.05). The same as below.
between AAAD and TAAD of Lys seems to indicate that the amount of endogenous excreta of Lys was more in intact than in caecectomized geese. Significant decreases were observed with the addition of fiber levels on true digestibility of Thr, Val, and Ala (P<0.05); the magnitude of the decrease in TAAD coefficients ranged from 0 to 12%, but no significant difference were observed on other AA (P>0.05). The true digestibility of total AA was slightly decreased with the addition of fiber levels (P=0.051), the minimum and maximum values were observed in H and L treatments respectively. No interaction was found on TAAD or AAAD between fiber levels and the caecectomy (P>0.05).
Discussion
Fiber has been confirmed as an essential dietary component in physiological metabolism for animals, such as decreasing the incidence of diarrhea for weaned piglets and reducing the risk of salmonella infection for chickens. But low digestibility of fiber goes against the digestibility of other nutrients. In current study, AME and TME were significantly decreased with fiber levels increased from M level to H level, but no markedly difference was observed between L and M treatments. The general effects of fiber levels were partly consistent with previous findings. Wan et al. (2009) reported that crude fiber with the content from 2.93 to 11.68% in wheat by-products had a negative correlation with TME in Cherry Valley ducks. Similarly, crude fiber, neutral detergent fiber and acid detergent fiber in uncommon feedstuffs were negatively correlated with AME and TME in Taihu ganders, and crude fiber level in the uncommon feedstuffs was from 14.20 to 43.50% . They implied the digestibility of fiber is higher in geese than that in ducks. Increased fiber induced the exfoliation of mucosal cells to increase endogenous excretion (Shah et al. 1982; Kluth and Rodehutscord 2009) , and we assumed that endogenous excreta worked a bit. Meanwhile, the low digestibility of energy was probably attributed to the soluble fiber, which could hinder the combination of nutrients with digestive enzymes, resulted in high energy in the excreta (Jorgensen et al. 1996) and low utilization of nutrients.
In general, AAD in L treatment tended to be higher than that in H treatment in this study, and significant differences were observed on apparent digestibility of Thr, Leu, Val, Pro, Ala, and Glu (P<0.05). This finding is in agreement with the results on pigs fed with soyhull (Dilger et al. 2004 ) and peahull (Yin et al. 2010) . The soluble and insoluble fiber levels were both increased with the addition of rice hull. Insoluble fiber decreased the average apparent retention of nitrogen in the gastrointestinal tract (Jiménez-Moreno et al. 2009a ), resulted in low digestibility of total tract nutrient flow of dry Interaction of fiber level and the cecum on AAAD. Interaction of fiber level and the cecum on TAAD.
matter and crude protein (Chen et al. 2013 ). The viscosity imparted by soluble fiber resulted in lack of carbohydrates in the large intestine, which induced the fermentation of AA to short-chain fatty acid and ammonia to obtain energy. Furthermore, endogenous nitrogen and amounts of AA in the excreta could be inevitably induced by increased fiber levels (Kluth and Rodehutscord 2009 ). It has been reported that short-chain fatty acid could contribute approximate 20% of net energy to the growth of growing and finishing pigs (Yen et al. 1991) , which is mainly fermented with dietary fiber by the microflora. Compared with caecectomized roosters, an increase of AME and TME (1.13 and 0.89 MJ kg -1 , respectively) was observed in intact roosters with a diet containing 85% corn and 15% soybean (Latshaw and Freeland 2008) , which indicated 10.35 and 6.28% of energy contribution respectively from the cecum. In this experiment, intact geese exhibited a greater ability to utilize ME than caecectomized geese. Regardless of fiber levels, the increase of AME and TME was found for intact geese (6.04 and 4.34%, respectively), and was higher than ME for the chicken (3.5%) (Jamroz et al. 2002) .
A slight difference (P=0.051) on true digestibility of total AA between intact and caecectomized geese implied that gastrointestinal digestion without the cecum played a dominate role in AA digestion. That is consistent with the minor effects of the cecum on the digestibility of AA with formula feed for Yangzhou geese (Yang et al. 2009 ). Limited feed intake would be responsible for the lack of effects from the cecum. Because geese would obtain more than 200 g d -1 of feed ad libitum, but only 60 g of feed was provided in 48 h, and no more than 7% of the ME were supplied from the cecum. As a result, the microflora in the cecum would be unable to digest sufficient residue from the precision-fed amount of feed to ensure the significant difference between intact and caecectomized geese. However, a significant decrease was observed on the AAD of soybean meal, canola meal, and sunflower meal in caecectomized cockerels by Nouri-Emamzadeh and Yaghobfar (2009). But inconsistent or even opposite effects were found on other feedstuffs between intact and caecectomized birds (Johns et al. 1986; Green et al. 1987; Ragland et al. 1999; Wang et al. 2008) , which presumably implied that nutrient imbalance stimulated additional synthesis or decomposition in the cecum. In a word, the effects on the ME and AAD between caecectomized and intact geese implied the active reaction of the microflora in the cecum. However, the birds in commercial business are intact birds, and the nutrient value of feedstuffs should be evaluated in practice. Meanwhile, the feedstuffs should not be simply evaluated individually for unbalanced nutrients may down regulate the utilization of feedstuffs.
Conclusion
In this study, AME and TME were significantly affected by fiber levels in Wuzong geese, high fiber level would decrease the digestibility of ME. In contrast to caecectomized geese, intact geese exhibit a higher ability on the utilization of ME, rather than AAD. So, intact birds should be chosen for the nutrient evaluation of feedstuffs.
